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Un libro per architetti ed ingegneri
Disponibile su richiesta

S
Daylighting and lighting

~ UNDER A NORDIC SKY

Dubois, M. C., Gentile, N., Laike, T., Bournas, I., &
Alenius, M. (2019). Daylighting and lighting under a
Nordic sky. Studentlitteratur AB.

&) Studentlitteratur
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Buon design = risparmio
Casi studio IEA SHC Task 60 (2018-2021)
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Buon design = risparmio
Casi studio IEA SHC Task 60 (2018-2021)
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Gentile, N, Lee, E. S., Osterhaus, W., Altomonte, S., Amorim, C. N. D., Ciampi, G., ... & Sibilio, S. (2022). Evaluation of integrated
daylighting and electric lighting design projects: Lessons learned from international case studies. Energy and Buildings, 268, 112191.
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daylight provision, efficient lighting sources, and advances in controls. Yet, the effective achievement of
5, and verification. The findings also suggest that

me. The g

Keywords

Daylighting

Electric lighting
nading

project goals requires adequate monitoring,

Lighting control the adoption of “integrative” lighting - that is, lighting systems that address both visual and n
Case studies visual responses - is gelting increasingly popular. Catering to non-visual requirements will likely drve
Energy saving further innovation in lighting technology. Currently, there is limited investment available for developing
View out daylighting systems for integrative lighting, and the current related electric strategies often come at the
Non-visual effects sk of energy rebound effects. Overall, providing daylighting and understanding user requirements are

Integraive lighting

s eaton fundamental steps towards achieving quality projects, with potential benefits beyond saving energy.

© 2022 The Author(s). Published by Elsevier BV. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0)

1. Introduction uses [1]. Lighting in buildings required 430 Mroe in 2017, which
represents 14% of total building energy use (3000 Mtoe in 2017).

Buildings are responsible nowadays for 28% of global  Even with improvements in lighting energy efficiency over recent
cnergy-related CO, emissions, and most of these emissions can  years - for example, due to the deployment of light emitting diodes

be attributed to cooling and heating. lighting, and appliance end  (LED) - global energy use for lighting has increased by an average

of 2.2% per year since the year 2000. This is due to the increase in

J— demand, rise in purchasing power of emerging economies, and
Abbrevitons: CIF, Inserational Commision of Humination; DL, Daylght-  increased floor area associated with population growth [1].

Linked Control; EBC, Energy in Buildings and Communities programme; EC, Within the building sector, lighting mh"omgy nas recently

Eectrochrome: EFTE, Ehylene tetaflarocthylenc: HOR, High Dynamic Range:
IEA. Inermationa Energy Agency: 1G5, Lightng Control Sysiem: LENL Ligntng  Witnessed significant advancement, with new policies and recom

Energy Numerical Indicator; M&V, Monitoring and Verification; POE, Pos.  mendations having been introduced towards climate mitigation

Occupancy Evaluaion: PMNA Foy melhy) mthacratc lso known 3s pexilassand decarbonization targets. Conversely, much improvement is

SHC, Solar Heating Cooling programme; UI, User I : Tvn: d‘“""“ ight snll needed in other domains of the building industry, as for exam-

e s atpaperical (1) transmitiance 3 pormal (n) neidence. ple in the design and operation of envelopes [ 1]. The design of the
E-mail address:nio.gentile@eblth.se (N. Gentile) envelope, in fact, can have a significant impact on the thermal

16/jenbuild 2022.112191
0375.7788/5 2022 The Authors). Published by Elsevier B
This is an open access artcle under the CC BY license (1ttp:/creativecommons.orgicenses/by/4.

Gentile, N,, Lee, E. S., Osterhaus, W., Altomonte, S., Amorim, C. N. D., Ciampi, G.,
daylighting and electric lighting design projects: Lessons learned from international case studies. Energy and Buildings, 268, 112191.

Casi studio IEA SHC Task 60 (2018-2021)

Energy Use Intensity (= LENI)
minore di 3 kWh/m?a e qualita
massima con buon integrazione
con luce naturale

Risultati richiedono buon
design, ma anche sistemi di
controllo e componenti avanzati

Piu controlli, piu materiali,
meno sostenibilita?

& Sibilio, S. (2022). Evaluation of integrated
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IEA EBC Annex 90 (2023-2026)
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Qualita dell’illuminazione

Tra le sorgenti luminose disponibili, la luce
naturale puo essere indubbiamente considerata
guella di piu alta qualita

Il che, a volte, porta a «mitizzarla»...



Miton. 1

“Maggiore accesso alla luce naturale significa
risparmio energetico”



Facciate In vetro

Fully glazed building in Beijing, near CABR. Image by Niko Gentile

Consumi elevati per raffrescamento

Dispersioni termiche invernali

Consumi per illuminazione elettrica...

Vantaggi in termini di illuminazione naturale?



Normativa necessita allinamento con EPBD

* Le norme nazionali sono insufficienti per
descrivere l'llluminazione naturale

« Lo standard europeo EN17037 & troppo
ambizioso e porta a soluzioni in contrasto con |
requisiti energetici degli edifici



Miti da sfatare
Mito n. 2

“La luce naturale e gratuita”
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Efficacia luminosa della luce naturale

% Candle |
@ Incandescent I
theoretical limit for white LED
v Halogen I
;
& CompactFluorescent

best commercial LEDs (2018)
. FluorescentTi2
.
Fluorescent Tg
LED

Low Pressure Sodium

physical efficacy limit

Sun -

Sun and Sky I
Overcast skylight I
Clear blue skylight I

¢ Ideallight source 555 nm

Luminous Efficacy (Im/W) o 50 100 150 200 250 683

Image by Niko Gentile
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Luce naturale

Necessita di componenti che trasportino luce
negli interni

5

-
-

16.06 € 16.80 € & Hoae
hi = i -

Marc Fontoynont, ENTPE, Lyon, France
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Ma la luce naturale é anche un investimento

- Uffici con buon design luce naturale
hanno prezzi affitti 5—-6% maggiori
rispetto ad altri (dati per Manhattan)

- Negozi con luce naturale hanno
vendite maggiori, sono piu
apprezzati dai clienti e trascorrono
piu tempo al loro interno

Photo: IKEA Kaarst by Rafael Campama Pizarro, Lund
University

L
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=

Turan, I., Chegut, A., Fink, D., & Reinhart, C. (2020). The value
of daylight in office spaces. Building and Environment, 168,
106503.

Pizarro, RC & Gentile, N 2020, A case study addressing the
benefits of daylighting and electric lighting integration in the retail
sector. Proceedings of the ISES Solar World Congress 2019,
Santiago, Chile, pp. 1825-1836
https://doi.org/10.18086/swc.2019.38.02
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Miti da sfatare
Mito n. 3

“La luce naturale e pulita”
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Luce naturale
...e costo ambientale

Ad esempio...
da € | Mim.hr - yr
a gCoO,e | Mim.hr-yr

Marc Fontoynont, ENTPE, Lyon, France
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“Soluzioni della piu alta qualita ed il minor
Impatto ambientale”

Joinat menticom use code 7424 6726 M Mentimeter

What words come to mind when you hear about high quality lighting?
106 answers

integration day-electric
circsdian health
no artificial light

climate-based  architectural
modeling index

circadian health

personalized glare naturgl  human centric

beautiful scenery

-
o
a
=

visual comfort g =
L dynqmic no glCII"e thermal gains
2 well-being

balanced

comfortable

view-out

GOTO
menti.com

ENTER THE CODE nonfvi;uql aspects

7424 6726 comfortable conditions

o)
m~
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Azioni dal componente al globale

{ D.3. Data N v 1 D.5. Impact of
: D.1. Catalogue D.2. Evaluation<:::> T i--*; D.4.Lessons ! | densification on
: . collection and i:__ .~ M
. of case studies procedure . v learned ! ! visual comfort
L analysis | i .

g e ey . and well-being

___________________________________________________________________________________________________________________________________

IEA EBC Annex 90 Subtask D
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D.6. Promotion
of highly
efficient lighting
solutions for
Sunbelt Regions

N \/’/--\7\ Global Network
GN‘,\SEC“.‘ Regional Sustainable
{ ="l Energy Centres
]

________________________
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Da EPD all’applicazione per supporto decisionale

MAIN PROPERTIES

PERFORMANCE

PHYSICAL BUILDING DEPENDANT
e ﬂ
p [
== 7% -
— —
MATERIAL SELECTION GLAZING TYPE FRAME MATERIAL G-VALUE WWR BUILDING PLAN SURROUNDING
CONTEXT
’ ! 77, &P
—— @ V4 \ 1| ITI
— 'd ~N i <V S
SHADING SIZE GEOMETRY VISUAL BUILDING HEIGHT ORIENTATION LOCATION
TRANSMITTANCE
Ivan Ares Igrexas (2024) A life-cycle approach methodology to
evaluate integrated daylight solutions, MSc Thesis, LTH, Lund
University https://lup.lub.lu.se/student-
STATE OF THE ART papers/search/publication/9151337
Characteristics Impacting LCA
IEA EBC Annex 90 - Luce naturale per gli obiettivi di decarbonizzazione e per ambienti di qualita 24
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Da EPD all’applicazione per supporto decisionale

©
1

GOAL
AND SCOPE

A

Goal

&

Scope

X

Type of Data

/\\/
8
Allocation
and Cut-Off

LIFE-CYCLE
INVENTORY (LCI)

Data Quality

Simulation

Parameters
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TR
N2/

Structure based on
ISO 14040 and 14044

3

LIFE-CYCLE IMPACT
ASSESSMENT (LCIA)

[sado)

Ayl

Environmental Impact
Categories

Characterisation
Model

O

4

LIFE-CYCLE
INTERPRETATION

F

Results
Analysis

&

Aggregation
Methods

P

Uncerfainty and
Sensitivity Analyses

Ivan Ares Igrexas (2024) A life-cycle approach methodology to
evaluate integrated daylight solutions, MSc Thesis, LTH, Lund

University https://lup.lub.lu.se/student-

HARMONISED METHODOLOGYpapers/search/publication/9151337

Structure
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Da EPD all’applicazione per supporto decisionale

1
>

FUNCTIONAL UNIT

kWh of primary energy consumption difference compared to a baseline
in a space with a minimum DFm of 1% over a 50-year period

\\II/ @
:O; '
’/II\\\ ’

Ivan Ares Igrexas (2024) A life-cycle approach methodology to
evaluate integrated daylight solutions, MSc Thesis, LTH, Lund
University https://lup.lub.lu.se/student-

HARMONISED METHODOLOGYpapers/search/publication/9151337
Goal and Scope
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Luce naturale e sostenibilita
Non tutte le strategie sono ugualmente green

- Tre strategie per introdurre luce naturale in una
palestra ad Eslov, Svezia

Component Acronym U-Value Tvis g-value
(W/(m2K)) % %
Tubolar Daylight Device TDD 0.45 50 30
Skylight SKL 0.84 72 51
Window WDW 1.16 72 55

- Tutte garantiscono una discreta qualita
dellilluminazione e consume simili

TDD SKL WDW
DA, /% 40.10 47.60 51.50
U, 0.60 0.65 0.45
27.39 15.32 13.82 13.49
- 44.10 49.56 50.74

Carl Laursen and Niko Gentile (2024) Integrated approach to daylighting renovation of a sports hall considering environmental and
economic aspects, IBPC 2024, Toronto, Canada. Accepted for oral presentation
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Non tutte le strategie sono ugualmente green

Shadow cost of an illuminated sports hall floor / SEK

300000
® Global Warming Potential
® Acidificatin Potential
200000 ® Eutrophication Potential
Ozone Depletion Potential
Photochemical ozone creation potential

100000 Abiotic depletion potential
0 — — L
Base case TDD SKL WDS

Carl Laursen and Niko Gentile (2024) Integrated approach to daylighting renovation of a sports hall considering environmental and
economic aspects, IBPC 2024, Toronto, Canada. Accepted for oral presentation
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Non tutte le strategie sono ugualmente green

 Integrated Life Cycle Assessment (ILCA): combinazione LCAe LCC

» |ILCA piu basso = soluzione migliore
» Punteggi normalizzati, e.g. 10%-90% da 10% peso a LCC e 90% a LCA

ILCA Score
80
Base Case
Tubular Daylight Device
Skylight
40 — Window

10%-90% 20%-80% 30%-70% 40%-60% 50%-50% 60%-40% 70%-30% 80%-20% 90%-10%

Carl Laursen and Niko Gentile (2024) Integrated approach to daylighting renovation of a sports hall considering environmental and
economic aspects, IBPC 2024, Toronto, Canada. Accepted for oral presentation



Cosa verra prodotto?

Factsheets per pubblico ampio

DAYLIGHT IN SPORTS HALLS

DAYLIGHT IN SPORTS HALLS

LOCATION

g Lo

- or tubolar dayli
SWEDEW L

1 provide both lighting quality and econon

return, wi envirenmental impact of the buildin
R B FLT ST E] return, while reducing the environmental impact of the building,

Z Room
& spor Daylight in sports halls for lighting
LIGHTING FOCUS H i H
o quality ahd lower environmental impact
[P
Y

I this office building, & lighting retrofit with Human Centiic Lighting (HCL) system
TOPICS I provided. The HCV can fully change brighthass and colour lemperatiire. Basad
on ZPLC (Zero Power Line Communications) technolopy. it takes less than three
monihs (o complets the replacement and commissioning, without changing 1he orig-
inal pawer line. After renavation. the luminaus crviranment was greatly impraved,
wihile sctieving maore than 60% eneray saving compared t the previous lighting
systen.
I s affice building, & igAting retrofit with Human Centric Lighting (HCL) system
iss provided. The: HCY ean fully change brightness and coleur
on ZPLC (Zero Fower Line Communications) olo

[Co carhon

qreatly improved,

High Comfort | whie achieving more thay energy saving compared o the previous lighting

tem
DarZicolTrECTIoN In s office bul
1 smuatons CaniicLighjing (HEL) system is providarl, The GV,

can fully gfange brightness and colour temperature. | s

- Top dayligh
guarantess quality
and energy saving
Electric lighting loads
«can be cut down to

gy, t takes oss than three manths (@ com-
the replacement and commissioning, without
ging the ariginal pawer line. Ater renovation,
iNous envirenment was greatly improved,

consider top dzylighting
in sports hall projects

nolagy Gallaboration Fr

aa

L
=lm/=la/="="=
Lo
2l
g
Low Carbon lighting is seriously not up to standard, and the energy

The project is in Xining, the largest city an the Qinghai-
Tibet Plateau in China, with an altitude of 20671 meters.
It belongs to the typical plateau alpine cold tem peraturs
climate, light climate zone II. The Xining Central Sub-
branch of the People’s Bank of China is an agency of
the Peopla's Bank of China. Ils main responsibility is

to implement the monetary policy formulated by the
head cffice, maintain financial stabiity, and provide
financial serices in the Qinghal srea. The affics buiking
of the People’s Bank of Chira ining Center Branch

is a typical comprehensive affice bulding for financial
business.

Built in the 1990s, it was ence a landmark building in
Xining City, Cringhai Province. It has 20 floors and a
builcing area of about 18,000 square maters. The walls
are all decorated with natural warm-colour marble, and
the decaratien styla is solemn. Aftar years of oparatian
and use, the lighting facilties are gradually aging, the

o ol the axisting spartshal, Nofthor siight or
o arm instated.

=

consumption is high. In 2018, the building underwent a
lighting upgrade and renvation. The lighting ranovation
project is also inclusled in the Chinese “13th Five-Year"
national key research and davelopmant plan fer green
buiings and key special technology demonstratian
prejects for building industializatien

The nes building liahting system consists of a
completely pesr-to-peer distribuied netwark, The system
network Lses the gateway aroup as the subnet node.
Each subnst can cannect to 255 (32« & device, the
systen network £an accommodate Up o 84 subnats,
anci the maximum capaciy of the system is 16384
(286x84) devices. The system uses distrbuted software
processing technolegy to realize the functions of
centralized contral and management of the lighting
eystem, data storage, and data input and outpu
Builtinthe 1990, it was ance & landmark buiding in
Xiring City, Qinghai Province. It has 20 floors and a
buiding area of about 12,000 sguare meters. The walls
are all decorated with natural warm-coleur marble, and
the decaratian style is sclemn. After years of aperation
anc use. the lighting facilities are gradually aging. the
lighting is sariously not Up ta standard, and the energy
consumption is high. In 2019, the buikding undsrwent a
lighting upgrace and rencwation, The lighting renovation
project is akso included in the Chinese “13th Five-Year™
national key research and development plan for green
buidings and key spacial tachnology demanstratian
projects for building industralization
faldafdaafasdisadiasidaa

The new building lighting system consists of a
completely peer-to-peer distributed netwark. The system
network Lses the gateway group as the subnet node.
Each subnst can connect to 255 (32« 8 device, the
system network can accommodat

A 30
dLahirg”

Built in the 19805, it was ence a landmark building in
Xining City. Cinghai Provinge. It has 20 floars and a
builcing area of about 18,000 square meters. The walls
are all decorated with natural warm-colour marble, and
the decaration styla is solemn. Aftar years of aparatian
and use, the lishting facilites are gradually aging, the
lighting is sefiously not up ta standard, and the energy
consumption is high. In 2019, the building undenvert a
lighting upgrade and rencvation. The lighting renavation
projactis also inluded in the Chinasa *13th Five-Year!
national key research and development plan for green
buildings and key special technology demonstration
projects for building industrialization

High Comfort

The project is in Xining, the Iargest city an the Qinghai-
Tibet Plateau in China. with an alttuce of 2261 meters,
It belongs to the typical plateau alpine cold temperature
climate. light climate zone Il The Xining Central Sub-
branch of the People’s Bank of China is an agency of
the People's Bank of China. Iis main responsibility is
toimplement the monetary policy formulated by the
head office, maintain financial stability. and provide
financial senvices in the Cinghai arsa. The ofice building
of the Pecple's Bank of China Xining Canter Branch

is & ypical camprehensive affice builting for financial
business.

Buill in the 1500, it was ence a landmark building in
Kining City, Qinghai Provine. It has 20 floors and a
building area of about 18,000 square meters. The walls
are all decorated with natural warm-colour marble, and
the desaration style is solemn. After years of operation
and use, the lighting facilites ara gradually aging, tha
lighting is serious

Eilt in the 19905, it was ance a landmark building in

Xining City, Qinghai Provinee. It has 20 floors and &

building area of abour 15,000 square metars. Tha walls
are all decorated

“Here a nice quofe or a key wih "am‘m
tence that you want to warm-eolout
b marble. and

highiight”

the decoration
style is solemn
Aftar years of operation and usa, tha lighting facilities.
are gradually aging, the lighting is seriously not up

to standard, and the energy cansumption s high. In
2019, the building underwent a lighting upgrade and
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Figire 3 Top visw af the ewstiag sports
wndows are installsd

renoyation. The lighting renovation project i also
included in the Chinese *13th Five-Year" national key
research and development plan for green buidings

and key special technelogy demonsiration prajects for
building industrislization

The new building lighting system consiste of a
completely peer-to-peer distributed netwark. The system
network uses the gateway group as the subnet nede.
Each subnet can connect to 258 {32x 8) device, the
system network can accommodate up to 84 subnets
and the maximum capacily of the system is 18384
(256+84) devices. The system uses distributed software
pracessing lechnology ta realize he functions of
centralized conirol and mManagement of the lighting
systen, data storage. and data input and outpu,
BUItinthe 19908, it was ence a lancmark building in
Aining Sity, inghal Provines. It has 20 floors and a
building area of about 18,000 square maiers. The walls
are all decorated with natural warm-colour marble, and
the decoration style is solemn. After years of operation
and use, the lighting faciliies are gradually aging, the
lighting is seriously not up ta standard, and the energy
consumpion is high. In 2619, the building underwent a
lighting upgrade and rencvation. The lighting renowalion
project is also includad in the Chinase “13th Five-Year"
nalional key research and development plan for green
buildings and key spacial lechnology demanstratian
projects for building industralization

The new building lighting system consists of &
commplately pear-to-peer distibuied netwark, The systam
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